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Amphibians have remarkable regenerative capabilities, but the mechanisms they use to initiate and 20 maintain regeneration are still largely unknown. It has been previously shown by Love et al (2013) 21 that reactive oxygen species (ROS) are continually produced and required for successful tadpole 22 tail regeneration Love et al. (2013) . Production of ROS and tadpole tail regeneration are prevented 23 by NADPH oxidase (Nox) inhibitors, suggesting Nox complexes as the source of ROS Love et al. 24 (2013). However, the role of ROS and the mechanism of their sustained production throughout 25 regeneration were uncertain. 26 NF-B is a rapid-acting transcription factor with the potential to dramatically alter the activity and 27 function of a cell Sun and Andersson (2002) . NF-B is necessary for maintaining the undifferentiated 28 state of human embryonic stem cells Deng et al. (2016) , human induced pluripotent stem cells Nox activity is required and NF-B is activated within hours of amputation 48 It has been previously shown that ROS concentration greatly increases around the site of injury 49 within 20 minutes after tadpole tail amputation, and is maintained at high levels throughout the 50 process of regeneration Love et al. (2013) . Raising tadpoles in the presence of the Nox inhibitor, 51 DPI, for 3 days following tail amputation prevents regeneration Love et al. (2013) . This shows that 52 ROS are important for regeneration, but does not differentiate between the initial burst and the 53 maintenance of ROS production. To see if ROS production was required during the initial hours 54 following amputation, shorter DPI treatment durations were tested. Treatment with DPI beginning 55 at 1 hour before amputation and terminating 1 hour afterwards had no effect on regeneration. 56 However, tadpole tail regeneration was significantly reduced following DPI treatment for 3, 6 and 57 12 hours post-amputation (hpa) (Fig 1a) . Longer treatments resulted in greater reductions in 58 regeneration, with post-amputation treatments of 6 and 12 hours reducing regeneration scores to 59 less than half of their respective controls. This confirms the previous finding that Nox activity is 60 required for regeneration of the tail as early as 3 hours after tail amputation in Xenopus Love et al. 61 (2013), and further identifies the early role of Nox in sustaining ROS levels. 62 Inactive NF-B is sequestered in the cytoplasm and translocates to the nucleus upon activation. 63 A Western blot of nuclear and cytoplasmic protein extracts from tadpole tail sections showed RelA 64 (p65 subunit of NF-B) predominantly in the cytoplasm of uninjured tails and in the nucleus at 1 65 hpa (Fig 1b) . By 3 hpa, it was once again located predominantly in the cytoplasm. The initial surge of 66 ROS, where ROS were observed far beyond the amputation plane Love et al. (2013) , could therefore 67 account for the rapid NF-B translocation to the nucleus, suggesting that this key transcription 68 factor is activated rapidly upon tail amputation. In the presence of DPI (Fig 1b) , RelA was detected 69 predominantly in the cytoplasmic fraction at 1 hpa, suggesting the involvement of ROS produced 70 by Nox. The initial, widespread NF-B translocation may not be essential as DPI did not prevent 71 regeneration within the time-frame of this event (Fig 1a) . 72 The Western blots were performed with protein extracts from large tail sections and do not 73 have the sensitivity to detect NF-B activity immediately adjacent to the amputation plane. The 74 direct NF-B target and marker of inflammation Lim et al. (2001) , cox2, is expressed along the 75 amputation plane at 6 hpa and along the edge of tadpole tail regenerates throughout regeneration 76 (Fig 1c) . Expression of cox2 was strong in stage 51 (regenerative) hindlimbs at 6 hpa and 1 day 77 post-amputation (dpa) in the tissue beneath the wound epithelium, but was not observed at 2 78 dpa ( Fig 1d) . Xenopus limbs regenerate well early in development, but this capacity becomes lost 79 as development progresses Dent (1962) , allowing regenerative competency and incompetency to 80 be studied in the same appendage (Fig 1e) . Expression along the amputation plane at 1 dpa was 81 reduced with decreasing regenerative capacity (Fig 1d, e) . These data indicate a correlation between 82 amputation plane expression of the NF-B target gene cox2 in regenerating tails and limbs with 83 eventual regenerative success. 84 NF-B direct targets Nox2 and Nox4 are rapidly up-regulated in regenerating hindlimbs 85 NF-B also directly activates nox1, nox2 and nox4 Manea et al. (2010) ; Morgan and Liu (2011) , which 86 encode the catalytic subunit of different Nox complexes Miller et al. (2006) . Since Nox is required 87 for tail regeneration Love et al. (2013) and the NF-B target, cox2, is expressed in regenerating 88 tails and hindlimbs, it was hypothesised that at least one of these NF-B-targeted nox genes 89 would also be expressed during regeneration. Indeed, both nox2 and nox4 were expressed in 90 regenerating stage 51 hindlimbs at all timepoints (Fig 2) spanning the timeframe of blastema 91 formation Pearl et al. (2008) . Expression of nox2 was punctate and comparable to the previously 92 described distribution of neutrophils and macrophages in regenerating hindlimbs Mescher et al. 93 (2013), consistent with its expression being confined to these cells. Expression of nox4 was observed 94 around the injury and throughout the regenerate. No obvious expression of nox1 was observed 95 at any timepoints. These results suggest Nox2 and Nox4 as drivers of ROS production during 96 regeneration. Preventing inflammatory cell recruitment to the injury does not significantly alter 97 ROS production in regenerating tadpole tails Love et al. (2013) , suggesting that Nox2 does not 98 substantially contribute to overall ROS production during tail regeneration.
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Resident microbes may activate regeneration of tadpole tails 100
Xenopus laevis tadpoles can regenerate their tails up to metamorphosis, but temporarily lose this 101 ability during the 'refractory period' from stages 45 to 47 Beck et al. (2003) . As ROS are required for 102 successful tadpole tail regeneration, it was hypothesised that this refractory period could result 103 from impaired ROS signalling. To see if acute exposure to exogenous ROS during the refractory 104 period improved regeneration, tadpole tails were dipped in different concentrations of hydrogen 105 peroxide (H 2 O 2 ) after amputation at stage 46. Unexpectedly, the H 2 O 2 dip reduced, rather than 106 enhanced, regeneration at concentrations of 3% and 0.3% (Fig.3a) . Interestingly, the control tadpoles 107 underwent equally good regeneration, which is not expected in the refractory period. This prompted 108 a re-validation of the refractory period under current culture protocols. A clear refractory period 109 was not consistently observed in all tadpole cohorts (data not shown). To further test this hypothesis, tadpoles were raised with the broad spectrum antibiotic, gen-130 tamicin, to reduce the bacterial load on the skin (Fig 3c) . Tadpoles raised with gentamicin had low 131 regeneration scores after amputation at stage 46, which were significantly increased by addition 132 3 of 10 Manuscript submitted to eLife of HK E. coli. Interestingly, with added HK E. coli, the gentamicin treated tadpoles had significantly 133 lower regeneration scores than their siblings raised without gentamicin. Gentamicin reduced the 134 regenerative potential of tadpole tails, even with addition of HK E. coli, and this reduction was 135 greater the earlier gentamicin treatment began (Fig 3d) . Purified LPS also significantly improved 136 regeneration of stage 46 tadpole tails (Fig 3e) , as did the protein kinase C activator, prostratin ( to attract immune cells such as macrophages to the wound site Love et al. (2013) . Here, we show 149 that NF-B, a key regulator of the immune response, is rapidly translocated to the nucleus following 150 tail amputation, and that the direct target cox2 is also rapidly expressed at the wound surface. The 151 apparent rapid activation of NF-B not only provides a biochemical link between ROS production 152 and the activation of the immune response, but also provides a possible mechanism for regulating 153 continuous ROS production via a feedback loop. NF-B targets include the NADPH oxidase genes 154 and we show here that nox2 (in macrophages) and nox4 expression (in distal cells) are also rapidly 155 upregulated. NF-B may therefore play a role in modulating ROS levels, which others have shown 156 to be critical for the active re-polarisation of bioelectric circuitry that contributes to regenerative 157 outcomes Ferreira et al. (2016) . 158 While others have shown that physiological levels of exogenous H 2 O 2 applied in the first 24 159 hours (but not if left on for the whole process) can improve refractory regeneration Ferreira et al. 160 (2016), here we show that brief exposure to higher levels of exogenous H 2 O 2 has the opposite effect, 161 and that this can be rescued by heat killed Gram-negative bacteria (E. coli) or purified LPS, suggesting 162 a role for Gram-negative tadpole skin microbiota in determining the outcome of tail regeneration in 163 tadpoles from stage 45. LPS binds to TLRs, which can in turn activate NF-B, but treatment with 164 H 2 O 2 prevents this binding Cherkin (1975) . Gentamicin is a broad spectrum bacteriostatic antibiotic (1994, 1995) and 177 essential for zebrafish fin regeneration Nguyen-Chi et al. (2017) . The recruitment of macrophages 178 may thereby be important for TLR-dependent regeneration. Interestingly, macrophage removal 179 prevents regeneration of salamander limbs Godwin et al. (2013) . The regenerative competency of 180 pre-refractory tadpole tails, raised in a sterile environment Beck et al. (2003) , indicates that they 181 must have an alternative, TLR-independent, and perhaps also IKK-independent, mechanism of 182 regeneration. Reducing inflammatory cell migration does not prevent tail regeneration in stage 43 183 (pre-refractory-equivalent) Xenopus tropicalis tadpoles Love et al. (2013) . 184 This study suggests a role for NF-B in regeneration and a mechanism for its continual activity ncbi.nlm.nih.gov/pubmed/7943321, doi: 10.1152/ajpgi.1994.267.4.G552. 295 Dinarello CA. Interleukin-1, interleukin-1 receptors and interleukin-1 receptor antagonist. Int Rev Immunol. 296 1998; 16(5-6):457-99. https://www.ncbi.nlm.nih.gov/pubmed/9646173, doi: 10.3109/08830189809043005. 297 Ferreira F, Luxardi G, Reid B, Zhao M. Early bioelectric activities mediate redox-modulated regeneration. Develop-298 ment. 2016; 143(24):4582-4594. https://www.ncbi.nlm.nih.gov/pubmed/27827821, doi: 10.1242/dev.142034. 299 Galeone A, Paparella D, Colucci S, Grano M, Brunetti G. The role of TNF-alpha and TNF superfamily members 300 in the pathogenesis of calcific aortic valvular disease. ScientificWorldJournal. 2013; 2013 :875363. https: 301 //www.ncbi.nlm.nih.gov/pubmed/24307884, doi: 10.1155 /2013 Godwin JW, Pinto AR, Rosenthal NA. Macrophages are required for adult salamander limb regeneration. 303 Proc Natl Acad Sci U S A. 2013; 110 (23) 
